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- NOTICE AND DISCLAIMER

This primer was prepared by the United States Environmental Protection Agency’s (EPA) Office of Solid
Waste and Emergency Response under EPA Contract 68-W-02-034. The information in this primer is not
intended to revise or update EPA policy or guidance on how to investigate or cleanup Brownfields or
other revitalization sites. Mentjon of trade names or commercial products does not constitute
endorsement or recommendation for use.

This document can be obtained from EPA’s Brownfields Technology Support Center at’ .
http:/fwww.brownfieldsisc.org. A limited number of hard copies of this document is available free of
charge by mail from EPA’s National Service Center for Environmental Publications at the following
address (please allow 4-6 weeks for delivery);

U.S. EPA/National Service Center for Environmental Publications
P.O. Box 42419

Cincinnati, OH 45242

Phone: (513) 489-8190 or (800) 490-9198

Fax: (513) 489-8695
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1.0 INTRODUCTION
1.1 .PURPOSE

The U.S. Environmental Protection Agency (EPA) Brownfields Technology Support Center (BTSC) has
prepared this document to provide an educational tool for site owners, project managers, and regulators to
help streamline assessment and cleanup activities at brownfields sites. Strategies that reduce costs,
decrease time frames, and positively affect regulatory and community acceptance also can improve the
economics of redevelopment at brownfields sites. Increased attention to brownfields sites and the manner
in which they are redeveloped places greater zmpemnce on the approach to site cleanup. This pr;mer is

one in a series that will address specific cleanup issues.

Brownfields Technology Support Center

EPA established the Brownfields Technology Support Center (BTSC) to ensure that brownfields decision~
makers are aware of the full range of technologies available for conducting site assessiments and cleanup, and
can make informed decisions about their sites, The center can help decision makers evaluate strategies 1o
streamline the site assessment and cleanup process, identify and review information about complex technology
options, evaluate contractor capabilities and recommendations, explain complex technologies to communities,
and plan technology demonstrations. The center is coordinated through EPA’s Technology Innovation Office -
{T1O) and offers access to experts from EPA’s Office of Research and Development (ORD) and other Federal
agencies such as the Department of Defense (DoD) and the Department of Energy (DOE). Logalities can submit
requests for assistance directly through their EPA Regional Brownfields Coordinators; online at
brownfieldsisc.org, or by calling toll free 1-877-838-7220. For more information about the program, contact
Dan Powell of EPA T1O at 703-603-7196 or powell dani@epa.gov. Contact information for Regional
Brownfields Coordinators can be found at www.epa.gevwbrownfields/contacts. htm.

Other publications developed through the BTSC:

+  Brownfields Technology Primer: Selecting and Using Phytoremediation for Site Cleanup

*  Brownfields Technology Primer: Requesting and Bvaluating Proposals That Encourage Innovative
Technologies for Investigation and Cleanup

*  Road Map to Understanding Innovative Technology Qptions for Brownfields Investzgatzon and Cleanup,
Third Bdition

»  Assessing Contractor Capabilities for Streamlined Site Investigations

+.  Directory of Technology Support Services to Brownfields Localities

Primers currently under development:
»  Brownfields Technology Primer: Perspectives on Technology Selection and Use

*+  Directory of Technical Assistance for Land Revitalization
+  Understanding Procurement for Innovative Sampling and Aualytical Services for Waste Site Cleanup

U.8. Environmental Protection Agency
Office of Solid Waste and Emergency Response
Brownficlds Technology Support Center H
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1.2 BACKGROUND

Lo

J“Brownf elds Rewtalizatwn amd
ironmental ; Rev;mmtian Actof 2001 defines N

) ) a “Grownfield site” as real property, the '

has changed the way contaminated property is expinsion, redevelopment, or reuse of which

may be comphcated by the presencs: or potential

pred\e‘nce of a hazardous substance, pollutant, or

‘ mmant '

Since its inception in 1995, EPA’s Brownfields

Initiative has grown into a major national program that

perceived, addressed, and managed in the United

States. In addition, over time, there has been a shift

within EPA and other environmental organizations in

v \ [ T

the way that hazardous waste sites are cleaned up. Historically, sxtes have: Iargcly bec‘n c!eaned up usmg a

PR

| | o

relatively standard approach to “command and control” the clearup process This approaczh was
azardous s:tes and oﬁm did not (cr could

developed for dealing with the most heavily contaminated and 1
not due to specific long-term issues) consider the ultimate end use of a property, and couid be both ¢ostly

and lengthy. More recently, regulators and site managers are mcreasmgly recogmzmg the value of

‘\ ‘ B i LRI TR

implementing a more dynamic approach to ' | - I v
site cleanup that is flexible and recognizes ‘ Figure 1, The Triad Appmach

g

site-specific decisions and data needs and can | . ‘

reduce costs, improve decision certainty, and A Sywtems Approach F "m‘“’“"?‘k ‘ .

’E‘%ge Tm@ﬁ;’; A@gw%@ﬁz

expedite site closeout. As shown in Figure 1,

this new approach relies on a three-pronged Systematic Dynamie

or Triad approach that focuses on the Project Work Plan

management of decision uncertainty by Piannimg . Strategies
incorporating: (1) systematic project }L T —— :

planning, (2) dynamic work plan strategies, Real-time Measurement

Technologies ,'

and (3) the use of real-time measurement

technologies to accelerate and improve the

\
cleanup process. 5 ‘
|
I
[

EPA has shown its support for the adoption of streamlined apprpaches to samphng, analysls, data

reviews, and evaluations conducted during site assessment, cha:‘actenzanon, and cieanup ﬂarough a

S
number of activities, including technical and guidance documenis, As part of these actw:ttes, EPA has -
. i

been coordinating with many Federal and state agencies to educrxte regufators, practztlonem, sxte owners,

and others involved in site cleanup decisions about the benefits of a streamlmed approach o i

o o ‘ SR AV E R

iil o ‘ ; N
R . i :
.

|
!
\
U.S. Environmental Protection Agency j
Office of Solid Waste and Emergency Response ‘ T
Brownficlds Technology Support Center 2




Using the Trind Approuch to Siveamiine Brownfields 8ite Assessment and Cleanup

Brownfields sites are well suited to using the Triad approach, where limited funding and intended reuse
strongly influence cleanup. Inherent in the Triad approach is the need for cooperation and collaboration
among the many stakeholders in the process. A goal of the Brownfields Initiative is to enable étates and
communities to work together to assess, safely cleanup, and sustainably reuse brownfields sites,

consistent with EPA’s emphasis on future use, including engineering and land use controls.
td o3

Both the Triad approach and the Brownfields Initiative mutually reinforce each other through a common
sense apf)roach where barriers are removed and dollars are leveraged to provide the most cost-effective
and streamlined approach to monitoring and measurement activities. Use of real-time measurements,
including real-time measurement technologies, combined with a rigorous planning process to understand
and control sources of uncertainty, is inherent to the Triad épproach and helps stakeholders improve the

reliability of risk-related decisions.
1.3  ORGANIZATION

The primer is organized into three sections, including this introduction. Section 2 describes the three
elements of the Triad approach, and provides examples of using each element. Section 3 discusses the
role of the technical team in managing a project, procurement considerations when planning a project, and

decision-support software and other-tools that are available to help brownfields site managers.

In addition, this primer includes the following appendices:

. Appendix A ~ Frequently asked questions (FAQ)

. Appen&ix B ~ List of acronyms '

. Appendix C — List of resources

. Appendix D ~ Descriptions of commonly used field-based sampling and analytical technologies

U.S. Environmental Protection Agency
Office of Bolid Waste and Emergency Response .
Brownfields Technology Support Center 3
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2.0 THE TRIAD APPRQACH

The keystone concept of the Triad approach is the identiﬁcation‘ and managcment of 1hose unknowns (; .,

uncertainties) that could cause excessive or intolerable errors in deexslon—mdkmg An example ot such a

decision error would be to declare a site "clean” for redeve}opment 1o proceed because contammatxon that

would have been treated or removed prior to redevelopment wa‘

missed durmg sampimg The Triad
minimizes the likelihood of mistakes by cost—eﬂ‘ect:veiy suppor ing the deve!opment of an accurate:
conceptual site model (CSM). CSMs are discussed in detail i in! “ ectton 2 L Brxeﬁy, a CSM xs any
graphical or written representation (or "conceptualization”) of s te contammation com‘:e‘mS' how xt got
there, whether or not it is migrating or degrading, how variable concentratxons are acrc)ss the snte, what
receptors might be exposed, and what risk-reduction strategies ¢ Are most f‘easxble An ak:curate CSM isa

primary work product of the Triad approach that is refined and | ‘ atured over the course of an

investigation. To develop an accurate CSM, the Triad approact l"mcorporates the elements of systematlc

project planning, dynamic work plan strategies, and real-time measurement teehnologzes into a decision

support matrix designed to manage uncertainties associated witl envxronmemal restoratxon pro_yects

Selected Triad resources are identified below. :
B

[ g )
Selected Triad Resourk:es

L
\

|
Listed below are useful resource materjals about the Triad approach _Formore znfonnatxon on these resources
and references to additional material, please see Appendix C. - o S PR

«  Innovations in Site Characterization Case Study: Site Cleanup of the Wenatchee Tree met Test Pxiot S;te
Using a Dynamic Work Plan e N
Usms' the Triad Approach to Improve the Cost-Effectiveness of Hazardous Waste Site Cleanups
Improvmg Sampling, Analysis, and Data Management for Site Jnvestxgatxon and C}canup Sheet (Fact Sheet)
(EPA 542-F-01-0302) il

«  Resources for Strategic Site Investigation and Monitoring (Fact rSheet) (EPA 542»1‘*‘-01-0301))

+ A Dynamic Site Investigation: Adaptive Sampling and Analysis Program for Operable Unit | at Hanscom
Air Force Base, Bedford, Massachusetts S o o

Related Internet sites include:

EPA’s Dynamic Field Activities Internet Site: hup./rwww.epa, szowﬁ Qeerzd/Qrogmms/dm/mdcx htm
EPA’s Field Analytical Technologies Encyclopedia: Jup://fate.cluis JLOY: g -

Note: Web addresses are current through 6/16/03 LT L

|
|
|
I
|
l
U.S. Environmental Protection Agency ’P o
Office of Solid Waste and Emergency Response L
Brownfields Technology Support Center 4




Using the Triad Approach 1o Stremmiing Brownficlds Site Assessment and Cleanup

The Triad approach is applicable to many elements of monitoring and measurement activities that oceur
on site - from early investigations aimed at risk estimation, through designing, implementing, and
monitoring the implementation of a re:ﬁedy. The key to the Triad approach and its benefits to
brownfields sites is that decisions are not made in a vacuum, but with the full consideration of existing
information developed during past site use and cleanup activities, and with a thorough understanding of
how the site might be reused. Using this approach, activities are performed that target the principal
sources of uncertainty that can affect the confidence of site decisions. Use of the Triad approach at
brownfields sites allows décisionwmakers to economically collect the volume and quality of data
necessary to reassure regulators and communities that a property is safe for reuse.

Figure 2 summarizes the interaction between Figure 2. Understanding the Context of Cleanup

reuse plans and goals, site decisions, and Understanding the Context of Cleanup

sampling and analysis approaches and tools. | Reuse Plans and Goals |
As shown, these approaches are inter- ‘ , ‘ l Drive ~.-—

Bite Decisions:
* Clean-up goals

dependent. Unlike the Triad approach, a

traditional one-size-fits-all approach leads to - |+ Tolerable decision uncertainty
. . » Data (lype, quality)
predetermined strategies and cleanup tools : 1 Determine
and does not generally consider the inter- Approaches to: _ Tools for:
« Assessment « Sampling and Analysis
[ «~ Investigation + Cleanup/Remediation

dependence of reuse plans and goa!s’wxih a - Cleanup Design and ﬂ 5 Containront

h ) Irmnplementation »Cleanup
cleanup approach. + Closeout, Long-Term Operations, *» Controls

and Maintenance » Monitoring and maintenance

The three elements of the Triad approach are discussed in more detail below,
2.1 SYSTEMATIC PROJECT PLANNING

In the context of contaminated site cleanup, systematic project planning is a fransparent, deliberate, and
coordinated effort to identify and manage factors and issues that contribute to decision uncertainty (those

unknowns that could contribute to decision errors).

During systematic project planning, factors and variables that may impact the design and execution of
project activities should be identified so that cost-effective strategies to manage those factors (or manage
around them) can be developed. Drawing on previous personal experience and institutional knowledge, a

project manager should try to anticipate issues that may adversely impact the project. Factors that may be

U.S. Environmental Protection Agency
Office of Solid Waste and Emergency Response
Brownficlds Technology Support Center 5
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important to systematic planning (depending on the particulars o

(including contracting mechanisms), schedule (time frames) an(i

availability of staff and support personnel, the state of scientific and techmca! kaowiedge, 'md the

availability of technology/equipment), as well as regulatory and programmahc reqmmments. For some

sites, political and media interest, local community health and e onomm concems, and broadex heaith ;md

cconomic considerations can have a large impact on the design cmd flow of mte actzvmes.
. T 1o

i I
"o |
\

Of the three elements of the Triad approach, the systematxc plan mng component is the most xmportam and‘
‘ ‘ [ ’d . |
the most universally applicable. Regardless of the type of site and strategy chosen for data collectmn

decision-makers should engage in systematic planning to tie the data co!iccnon to s;te decxs;ons. Itis the

basis for creating a defensible approach and a scientifically sound data set. A thamugh and systematxc

planning effort will help determine if and where field technologles can be used Systematlc plannm?
S | B ' . ]
helps determine if and how a dynamic implementation approach makes sense ata sne and 1t estabhshe“

the framework to ensure that the data collected are sufficient for sxte needs The emphasxs ona thorough

planning process is essential to achieving the savings (time and - r:ost) that are possxble w:th the Trxad

approach and achieving the defensibility and confidence in site nﬁecxsnons Sqme e\tampies of the type

data gaps and the tools used to manage uncertainty in the systemanc plannmg process are shown in

Table 1. | SO
’ b . [
Table 1. Data Gaps and Tools to Ma\nage Uncertmnty ‘
o
Portion of the Cleanup Types of Data and/or Information Gaps Tools to Addrcss Filling Data Gaps
Process Typically Identified o ané Managing l}ncertmuty '
Early on and throughout the | = What are the potential environmental issues | » » Hxstomal mcords, depositions, and visual inspections
project as more is learned at the site? * | 8§ orical photos, geological mfomm:xon
and decisions change *  What are the potentially impacted mediaand | » | other sfnkpholders .
potential receptors? v efit annlyses ‘
*  What are the planned reuse and political . vaeoord séarchcs
status? « | Depositions ,
«  What is the economic vizbility of cleanup? « | Operational history ‘ f
«  Who arc the responsible party and regulating SR v o : !
authority? ey ' P . 1
Investigations = What is the nature and extent of regulated

chemical contaminants?

+  What is the estimated fate and transport of waog:cal measurements
contaminants? | Hydrogeological mensprements

.. Geophysxcai measurements

» | Modeling

U.S. Environmental Protection Agency
Office of Solid Waste and Emergency Response
Brownfields Technology Support Center
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Table 1. Data Gaps and Tools to Manage Uncertainty (continued)

Portion of the Cleanup
Process

Types of Data and/or Information Gaps
Typically ldentified

Tools to Address Filling Data Gaps
and Managing Uncertainty

Investigations (continued)

. Are exposure pathways complete?

I I T R Y Y

Analytien! chemistry methods
Sampling designs
Geological measurements
Hydrogeologivs! measurements -
Geophysical measurements

Alr release meagurements
Sampling and apalysis data

«  What are the appropriate cleammp levels for »  Toxicological information
the site? - *  Existing regulations
«  Exposure scenarios
»  Future use
»  Arc reporting limits above the potential » ° Analytical chemistry methods
action levels? »  Method modifications
*  Risk data
Investigations and cleanup | < Is there sufficient data fo support site »  Statistical data
agtions closure? ¢ Modeling
. . »  Existing data
Remedy designs and «  ‘What data are needed 1o suppurt »  Information concerming available remedies
cleanups implementation of potential remedies at the *  Nature and gxtent daty
site «  Engincering considermtions
+  Lamd use controlg
Remedy design * Do viable treatment or containment *  Veador cost and performance information
wechnologics or other alternatives exist? +  Case studies

Remedy implementation

What is the preferred alternative?

What data are needed 1o evaluate remedy
-effectiveness, including need for source

removal?

How can closure b documented?

Pilot studies

Engincering designs
Statistical evaluations
Operational data
Confirmation sanpling results
Engincering/land use controls

Operations and
maintenance

How can system performance be optimized
and operating costs reduced? -

Chenyieal and engineering data
Costeffectiveness evaluation

To Leari; More about Systematic Project Planning

The Marino Scrap Yard site in the Borough of Rochester, Penmsylvania, is using the Triad approach for
streamlining site assessment and cleanup. The city is considering reuse of this site. However, there are
concerns about contamination of shallow soils with fead, mercury, and polychlorinated biphenyls (PCBs). The
BTSC has provided support to the city for this site, including: (1) tools and methods used to develop a
conceptual site model for contamination at the site; (2) pathway analysis and risk estimation; (3) development
of a dynamic work plan strategy; (4) requirements for the use and control of field-based technologies to limit
decision uncertainty; (5) procurement approaches and costing methods in support of Triad type projects; and
(6) the key elements of systematic planning for reuse at the site. The conceptual site model developed by the

BTSC, the dynamic work plan strategy, and statement of work can be found at brownfieldstsc.org,

Under the Tiiaci approach, decision-makers may need to expend a greater amount of time and energy on
up-front planning than is commonly needed under a more traditional approach, including adequate time to

plan for project schedules and resources. However, this up-front planning effort will reduce the

{.8. Envirdnmentai Protection Agency
Office of Solid Waste and Emergency Response
Brownfields Technology Support Center 7
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ensure that the level of information gathered will facilitate the dec;s;on-m mg‘ process requtred to reach
site redevelopment objectives. An important component of sys ematxc plannmg is to 1dennfy decision
end-points and estimate acceptable levels of uncertainty for the r!emstons thaht need to be made at a 31te ‘
(see box on decision quality). The rigor of the techniques used to collect and ana!yze data should mateh
the intended use. For example, data used for waste segregation prior to ﬁnai charactem?anon oﬁen can be
of lesser analytical rigor. Money saved on analytical costs can IPe us d ‘to mag}age other eritical aspects of
data quality, such as improving sampling representativeness and the accuracy of the CSM by takmg

|
greater numbers of samples. Confirmation of the presence or al;sence of specxﬁc contammants ona few

samples of known representativeness may require highly accur: te, anaiyte-specxﬁc anai 1 techmques
‘ \
l

Decision Quality ¥
b
The term *“‘decision quality,” in its broadest sense, implies that decisi ns are defensxb}e Idealiy, decxsxcm qua}sgy
would be equivalent to the correctness of a decision. However, in the environmental field, decision correctness is
often unknown (and perhaps unknowable) at the time of decision-mgking. "Correct” decisions are those that
would be made if project decision-makers possessed complete and atcurate knowledge about site contamination.
When knowledge is limited, decision quality hinges on whether the ﬂecxsxon can be defended agamst reasonable
challenge in whatever venue it is contested, be it scientific, legal, or gﬁ erwise. Scientific defensibility requires
that conclusions drawn from scientific data do not extrapolate beyond the avaxiable evidence. If scientific
evidence is insufficient or conflicting, decision defensxbxhty may reslt properly oft other considerations, No matter
what those considerations are, “defensibility” implies there is honest and open acknowiedgmem of the full range
of uncertainties impacting the decision-making process. Systematic planmng may identify a number of ways to
manage decision uncertainty. For regulatory programs seeking to use sound science as the basis for defensible
decision-making, then the uncertainty involved in generating and mtf:rpretmg scientific data will have to be
addressed and managed. The Triad approach makes it cost-effective to do so. [EPA’S Office of Solid Waste amd
Emergency Response (OSWER) policy states that sound science must u ‘derscore ali OSWER regulatoxy, poimy,
and programmatic decisions.]

While the use of real-time measurement is a key component of fnaxxmxzmg mfornmtxon value whtle

. e - . B
minimizing costs, decision-makers should ultimately focus on 1&1

e best analytxcal and sampimg straieg,y
for conducting an investigation. This will often involve "mixi "

analytical techniques. Detailed systematic planning enéourage‘

U.S. Environmental Protection Agency b
Office of Solid Waste and Emergency Response v
Brownfields Technology Support Center 8 i
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Using the Trind Approach to Streamiine Brownfields Site Assessment and Cleanup

field-based technelogies or quick turnaround fixed N
Managing Sources

laboratory analyses to support timely decision- of Uncertainty...

making. Decisions made on a timely basis (daily or
weekly) help ensure that project decision boints are 3
reached in as few mobilizations as possible, and

that project technical staff optimize the efficiency
of a sampling or cleanup design, which is one of

the biggest advantages of using the Triad approach.

Systematié planning is undertaken to chart a course

for the project that is both cost-effective and

technically sound and defensible, attaining the
appropriate decision quality based on “sound
science,” A primary goal of the Triad approach is a

CSM that can be used to support correct decisions.
The Conceptual Site Model

The CSM is the one of the primziry planning tools used in systematic project planning, The CSM
organizes the information known about a site and helps the team identify additional information that
needs to be obtained. The systematic planning process ties project goals to those individual activities
necessary to reach these goals by identifying data gaps. The project team uses the CSM to direct the
gathering of needed information; the CSM is revised and decision goals refined as more is learned about
the site. As the CSM matures and as contaminant characteristics beconie better defined, the project team

may need to revisit measurement quality objectives and decision criteria.

Figure 3 summarizes how the planning components and in-field activities typically interact in a step-wise
fashion during the life cycle of a CSM under the Triad approach. Figure 4 provides a more detailed

overview of the life cycle of a CSM, as a project moves through increasing levels of complexity.

UL.S. Environmental Protection Agency
Office of Solid Waste and Emergency Response
Brownfields Technology Support Center 4
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Asvessmer;t mm' Clealzltp

In guiding the site characterization process, the CSM provides:

« The framework for conducting Figure 3. Employing the Triad Approach I

and scoping a site investigation or Employmg the Traad App!’O&Ch '
cleanup action that takes into ‘ !
account the future use of the site CSM Incomplete ? ’__i CSM More Complete

. .. . 3 ’ P

* A detailed description of the site o 1 wita SOW 1 Conduct demensioton | | L

and its setting that is used to form | | qemmrmmany, 1] T " ' L
hypotheses about the release and ] Uniize costs ~~ ;

- . . ¥ i Refine devision f i
ultimate fate of contamination at ~~ TG s criteria snd implomant i |
the site E Salect 2 conrastor gkt gotiviles J !

m;;;;:;ﬁrgzm 8 ai ~< ‘% e damﬁﬁ‘s;ﬁgmu § :
+ Sources of contamination at the preiminary CSMand | 5 Prepara work plans slnskion teviows H i
. N . systermnatic plan for conducting ang < ]
site, potential chemicals of oo, s i
concern, and the media (soil, ‘ E L e ey | 8 ; i ’
groundwater, surface water, : :
. {acti ‘v‘l i
StmcmmS) aﬁeCted ' ?:éh:)i;;l:gi:: nggﬁze dosxmt [
cumarntation ¥ !
» How contaminants may be “ !
migrating from the sources, and L . PR Lo " |
the media and pathways through which migration and exposure of potential human or environmental

receptors could occur (including possible air releases) }F SR o ‘ B

« An evaluation of potential or preferred cleanup options

* A basis for developing site-specific sampling designs and pr}; cedures for sample collectxon and o :
analysis TR . . o g

project needs.

The initial or preliminary CSM should be refined using mforma?ion collected durmg measurement

analysis, and integration of data activities to assist in the decxson-makmg process. It 13 used asa e

planning tool to provide a basis for determining when data w!lectxon is sufﬁcxent to meet pro;ect neod

(creating a tangible end point for sampling and analysis).

i
|
|
i
|
i

U.S. Environmental Protection Agency
Office of Solid Waste and Emergency Response
Brownfields Technology Support Center 10 { ‘
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Figure 4. Life Cycle of a Conceptual Site Model
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Site Assessment and Cleanup

[

To Learn More about Demonstrations of

The Town of Bluffton, South Carolina, is using the Triad approac
assessing the extent of lead contamination in a soil berm at a shoo
by the town police force. A first step in developing the strategy w
applicability study, consistent with EPA SW-846 method develop
state with a white paper discussing potential options for evaluatinj
sample preparation should be considered, and how these options ¢
alternatives. Results from the BTSC effort are described in Analy
Methods Applicability Study at a Small Arms Firing Range in Bly
were used as supplemental material for the applicability study tha
remediation of small arms firing ranges are:

. Technical/Regulatory Guidelines Characteristics and Remex|
Ranges; Prepared by the Interstate Technology Regulatory ¢
»  Technical Protocol for Determining the Remedial Requirem

"Methods Applicability

h to develop a cost-efficient strategy for

ting range (Small Arms Firing Range) used
as designing a demonstration of methods
ment guidelines. The BTSC has provided the
z how XRF samples should be collected, what
an be driven by proposed reuse and remedial
sis of Considérations for Developing a

iffton, South Carolina. Two documents that
tprovxde useful mfmmatmn on the

;

jation of Sozls at Closed Small Arms Firing
‘ouncil.
ents for Soils at Small-Arnms Firing Ranges;

Prepared for Air Force Center for Environmental Excellencv Technology Transfer Division, Brooks Air ”
Force Base, Texas. v BT o B i

The white paper along with the supplemental materials can be foqggd at brownfleldstsc.org. ’

e 3

PRV S e PR AT

hat can be lmportant when deveiopmg a

|
preliminary CSM and refining a CSM are described below. Study areas are rarely exactly ahke and the

Examples of the types and sources of background information '

construction of a CSM for an individual site will require sﬁe»spemﬁc background mformahon soumev

Some types of background information will frequently be reiev ant toa CSM while others ws!i have mrtle

or no significance to the site. It is the project planning team’s job o 1dent1fy and résearch the relevamt

types of background information to aid in the construction of a prefumnary CSM
jpretmen -

|
e . : ! . I
}_ 5w . i . o ' HE
’ |
L . ' ' i
\ ‘} ' ok H

The archeological and historical use of a site can reveal a vame1y of i xmportant data for the construcuon of “ N L

Archeological/Historical Use

a CSM. For example, if a region had been historically used as 'ammmg dlsmct the unpacts from the '
historical mining could contribute to the CSM in numerous wa‘ 5. Such mmmg mﬂwnces can o K
significantly alter all aspects of a site’s surface and groundwatefr geochemxstry, fauna ﬂoreg and |

geomorphology, and should be considered in the construction e}f aCSM. The xmpact;s of futurc Iand use

and other effects on archeological sensitive sites should also be consldered A stamng po:nt for gat hermg .
oy ! } R
archeological information on a specific site can be found at the I ataonal Aruheologxcai I)ata Base at

This site provides miormat!on on archeologxcai actrvntxes a:nd

httn:fAveb.cast. uark.edu/other/nps/nadb.

sites nationwide.

U.S. Environmental Protection Agency
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Brownficlds Technology Support Center 12
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Physiographic

Identifying the physiographic province in which a site is located can be important to a CSM. A
physiographic province is a region with similar geologic structures and climate,v and whose pattern of
topographic relief differs significantly from that of adjacent ‘regions, indicating a unified geomorphic
history. With the identification of the site’s physiographic province, key climatic, geologic, and
hydrologic components to the CSM may be identified. A gobd starting point for gathering general
physiographic information for sites in the United States can be found at

hup:fhwww bim goviwildlife/ifplans htm,. More detailed information available in U.S. Geological Sufvey

(USGS) topographic maps illustrating physiographic features can be found at
hitpffrmmeweb. crusgs. gov/public/owtreachffeatureindex, html.

Climatic ‘

Climatic conditions can play a major role in a CSM. Climatic conditions have significant influences on
several key components of a CSM, including ’hydi'ologic budget, fauna, flora, and land use, For example,
precipitation rates can impact aquifer recharge and land use. Basic climatic properties, such as air
temperature, precipitation, and prevailing wind speed and direction can be importanf properties of a CSM.
- With a basic understanding of a few climatic indicators, an understanding of the climate’s impact on the

study area can be incorporated into a CSM. Climatic information from worldwide weather stations can be

found at Iz gzz Hwww. worldelimate. comfworldelimate.

Gealogic

A fundamental understanding of the geology of a study area is essential in the construction of a sound
CSM. Among the basic geologic componénts that need to be incorporated into a CSM are the types of
geologic materials that make up the study area, structural geologic features, depositional environments,
and geomorphology. For example, a C8M would indicate what the study area consists of, such as
unconsolidated alluvial deposits underlain by bedrock. A starting point to gather geologic information is
USGS geologic research activities, which are grouped by geographic locations and can be found at

hp://zeode. usgs.gov/. For topographic, photoimage, geologic, and hydrologic maps, go to

smaps/ usgsmaps. itml. Additionally, the site
http:/feeosurvey.state.co.us/GeolLinks. hrm#state will provide links to each state’s geologic survey.

1.5, Environmental Protection Agency
Office of Solid Waste and Emergency Response
Brownfields Technology Support Center 13
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o
L
Hydrogeologic

'
N \

When a CSM is constructed as a result of environmental concere‘&é the hydrogeologxc compouent
typically receives the most attention because of the importance ;“laced on groundwater and :mrfaCe water
quantity and quality. An understanding of the site hydrogeclogy is requlred to prov:dc an adequate |
representation of the hydrogeologic component of 3 CSM. A sxie s hydmgeology may be broken into

three main categories: aquifer characteristics, hydrologic budgezg“ and groundwater flow.

[ ' ' h
v |

Examples of the types of hydrogeologic information included i m a CSM are provsded below

I

o

e

1. Aquifer characteristics ! v
P

a. Type (Examples: unconfined, confined, or semxv-coxllf ned)
b. Characteristics (Examples: hydraulic conductivity, ransxmssrvxty, stontmty)

c. Geology (materials and structure)

2, Hydrologic budget

\

i

5 T
a. Recharge rates (Examples: precipitation, artificial riy@charge) . “
b. Discharge rates (Examples: evaporation, uanspxratnbn groundwater pumpxnfr)
I ‘ .

3. Groundwater flow ‘ i = P

a. Hydraulic gradient (Examples: groundwater elevations, flow d“i‘frection)

b. Flow velocity (travel time) ' -

¢. Boundary conditions (Examples: Dirichlet, Neumal;n)

reports is the USGS. The USGS produces open file reports and 1 “mmmms a database of hydrauhc
information for sites throughout the United States and its temtonés

!
A good starting place to develop the hydrogeologic portion of a CSM is 10 :dentxfy the hydro! gxc se:ttmg
of the study area from the Army Corps of Engineers Cycle II NaLonal Water-Quality Assessment
(NAWQA) Study Units (htp:/Avater.us

information on U.S. water resources can be found at http://wated mg:s gav/nwr

S. govnawga/studyu, hmgﬁ) Addltmnal sources for hydrogeolog:c

U.S. Environmental Protection Agency
Office of Solid Waste and Emergency Response
Brownfields Technology Support Center 14
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In addition, the hydrogeological portion of a CSM also might address environmentally sensitive areas
(e.g., wetlands, watersheds, and breeding éreas). These areas should be considered within an overall

CSM, including the potential impact of contamination on human or environmental endpoints.

Other Data Sourees Used to Build a Preliminary CSM

Additional sources af data used to build a CSM include database reviews, usually conducted for a fee by
professional {fzitaj resource ééﬁiﬁaﬁies such as Environmental Data Resources Atin://www. edrnet.com/ and
Vista Info & fgz //www vistainfo.com/. ASTM Standard E1527 (see box below) requires a review of the
physzcai settmg of the property being investigated. A current USGS 7.5 Minute Topographic Map (or

eqmvaient}‘showxng the area where the property is located should be reviewed. Maps can be obtained
through the USG8 at'f 1p: //magggmg usgs.gov/ or through professional data resource companies such as
Enwronmental Data Resources and Vista Info. '}‘he 7.5 Minute Topographic Maps can be used in
describing the physical setting of the ;}mperty and adjoining properties, determining prior land uses, and
in estiniating local groundwater flow direction. Groundwater flow direction is important in determining if

nearby sites identified in the database searches have the potential to impact the property.

ASTM Standard E1527 - Phase 1 Kite Assessments

The American Society for Testing and Materials (ASTM) Guww. gstm. org), has developed Standard E1527-00
“Standard Practice for Environmental Site Assessments: Phase | Environmental Site Assessment Process.” This
standard, along with its predecessor E1527-97, is intended to define good commercial and customary practice in
the U.S. for conducting an environmental site assessment of a parcel of commercial real estate with respect to the
range of contaminants within the scope of CERCLA or for petroleum products, Under 40 CFR Section 312, EPA
recently finalized a rule (68 FR 24888; 5/9/03) that identifies these standards as satifying the requirements for
conducting “all appropriate inguiry” under The Brownfields Revitalization and Environmental Restoration Act of
2001,

Other relevant ASTM Standards include DD6235-98a Standard Practice for Expedited Site Characterization of
Vadose Zone and Ground Water Contamination at Hazardous Waste Contaminated Sites and E1 912-98 Standard
Guide for Accelerated Site Characterization for Confirmed or Suspected Petroleum Releases,

Figure 5§ is a simplified CSM that identifies examples of \patfi‘xway receptor networks.  Typical questions
asked during the planning précess and in building a CSM include:

1, What is the proposed reuse or current use of the site?
2. Is the proposed reuse of the site politically, éconamica[ly, and socially viable?

3. What media are impacted and by what type of contamination?

1.8, Environmental Protection Ageney
Office of Solid Wasie and Emergency Response
Brownfields Technology Support Center 15




4. Are there any potentially complete
receptor pathway networks
present at the site?

5. What exposure point concentration
might represent a potential risk?

6. Do the exposure assumptions used
in the risk assessment match the
reuse scenario?

7. What method reporting limits are
needed to assure the delineation of
potential hot spots?

8. What are some of the available
remedies for the site?

9. What are the potentxal human

human health. The SSG, spec1f' cally the User s Gmde andi
on devclopmg a CSM. More information on the guidance
http: 2o epa. govisuperfimd/resources/soil/#fact).

: ppendlx A, provxdeq addntnonal guidance
an t be found at

[E oy

A CSM should not be limited to soil and groundwater contammatton, rather, it shouid cons:der all
potential exposures and receptors. For example, air exposure pathways (e. g mhalatmn) are parixcularly
important to consider in those situations where contamination wﬂi be ieft m-place, such as when a

building will be located above an area with residual waste, | =~ L.

Figure 6 shows additional examples of CSMs that are relevant to brownf’ elds samplmg and cleanups that

represent varieties of urban soil contamination. As this figure ﬂ““ ows, :dentxfymg the modei for ‘ L
contaminant deposition is an important consideration in the development of a representatwe samplmg and o

analysis plan for urban soil contamination. 0

Under dynamic work plan strategies (described in the next sect on), the CSM is contmuous}y updated

(usually daily or weekly) as additional information is produced from the mvesngatlon.} As the knowledge h

about site conditions increases, there is an increase in the level ¢ mty about whether the objecnves

’” ‘ Dec:s:o :H rnakers need to recogmze that “
i B s o

site condmons no matter how murh “

of the investigation can be achieved with the available resourc

it is virtually impossible to achieve 100 percent certainty about|

money is spent on the investigation. In using a CSM, decision: makers xdenttfy the data quanttty and
il be made;.

quality that will maximize the weight of evidence upon which ?emsxons w

Office of Solid Waste and Emergency Response
Brownfields Technology Support Center 16
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Figure 6, Example of C8SMs for Urban Soil Contamination

5

Concanttation peofiies

C8M #1 - Deposition Model E L \

Althorne emissions {dust, gases) from - . .
point soures(s); concantrations decrense

with distance from souwse and ares of '

doposition dapendent on many variablas, j Dintmcs

Pollution most avident in the topsalf and v Sensanlistion,
decraases with depth. . %
| / il on F
Wi ; .

e Olrostion

CSM #2 - Line Model Concantiation profiios

Sollimpact thal originstes from moving . | , . -
point sources alioned along a long tnear ——————————r.
eloment in the landscape, e.4, 4 road, - :

raliway, . 3 ek Distancs -
Pollution decreases with distance from SRR e
the line sobree amd with depliv : . . -

. J _ Ton 1

CSM #3 - Surface Addition Model ) Conesoustionprofies
Spreading of a contaminating material, ] o

a.4, cinders, sewerage slam, sediment, E

spent oxide from gasworks, ; "

The diffuse soil polialion sonstiiutes 2 : . Cratan
uniform toad i the upper topscil. ; N - - ' 2

C8M #4 - Contribution Model

Sroafl random contributions over many
yeurs, e.4. the hissds Bl on fop of witich
a fown develops,

The diffuse soll poliution constifutes a
}r%riame and random foad to the historic
i

i

CSM #5 - Soll Fill Model ‘ " Concanuation profies
mafie dumpingfiling with sol, waste, |

- Bystem
matertal of unknown Grigln, v.g. land
restamation of low lying areas and coast

ragions, backfll, hasbor pohstructon,

The diffuse soll pollution constitufes s
gizlxrfabfe and random foad 1o the historie

ure
Lpoidinion

Source: Project on diffuse soil pollution funded by the Danish EPA. Paper by Jacqueline Falkenberg, NIRAS;
Ulla Hagjsholt, the Danish EPA; Arne Rokkjaer, Information Center of Contaminated Sites; Mariam Wahid, the
Agency of Environmental Protection in Copenhagen. Consoil 2003. (Used with permission)
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a

l

At brownfields sites, systematic planning and development of tth CsSM need to closeiy txe into the reuse |

plans for the site. A balance must be achieved between the costs; requlred to purchase and redeveiop the* “

site and the potential benefits (revenues, resale/asset value, socxa!/pohncal) once the sxt<> 1s ready for

reuse. CSMs will identify the environmental, financial, and soci i factors that will lxhely determme tbe

potential reuse scenarios possible at a site.

2.2 DYNAMIC WORK PLAN STRATEGIES

What is a dynamic work plan strategy? Dynamic work plan str;&temes are the second etcment of the

Triad approach. These types of strategies use real-time decision-

makmg in the fi efd to hm;a the namisez

of mobilizations back to the field to fill data gaps or take remedl.zl actxons ”{hls approach sigmﬁcanﬁy

reduces project costs and the schedule to reach project closeout.

related project management strategies can improve the econom :cs that dnve the reuse potent;al for

brownfields properties.

A dynamic work plan strategy is one where decisions are made @ nd the wofii gilans guid%ng sémpling émd

o

[

analysis are adjusted in response to data generated while the ﬁem crew is stxl] on site (1 e wiu]e st111 in

the field). Proper application of a dynamic strategy allows field"

teams to efﬁcxenﬁy co!lect the data

needed for decision-making and to fill data gaps (described in thua precedmg sectxon) thh as few

mobilizations as poséible. Dynamic work planning is the elemer

il
¥

greatest impact on cost and time savings.

A dynamic work plan strategy relies on real-time data to reach da
need for alternative action. Real-time data is defined in terms of
making needs. Decisions are often of several different types — sz
daily, while larger scale decisions may need to be made weekly 1
element is the development of decision logic to guide the teams
reviewed and approved by the regulator and others who will use
appropriateness and validity of specific site decisions. The log
responsibilities, authority, and lines of communication clearly es
all field work is driven by the critical project decisions needed t¢

and potential scenarios are carefully mapped during the planning

t of the Trxad approach that can havc the

Fcision points and quickl‘y identify the

the timing required to sat1sfy decision-

o keep the pro;ect movmg A key ‘
whxle in the ﬁeld Thz., Iog:c shouid be
the data and determme the o

) for deciszon-makmg 1s xdentxﬁed and

tabhshed in the plan. Impiementa‘tmn of
reach closure. These decxs;on pomis

process. o

Use of a dynamxc work pian strategy and ‘

U.S. Environmental Protection Agency
Office of Solid Waste and Emergency Response
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Using the Triad Approach to Streamline Rrownflelds Site Assessment and Cleanup

To Learn More about Dynamic Work Plan Strategies o

The Cos Cab Power Plant site-in Greenwich, Connecticut, was formerly a coal-fired power gencration station.
The city was examining a reuse plan for the site consisting of multiple use recreation arcas, however concerns &
existed about PCB- and petroleum-contaminated soils at the site. Pol yeyelic aromatic hydrocarbons (PAHs), K
metals, and asbestos were suspected to be present at the site. The BTSC has provided support to the city for
using the Triad approach, including participation in the development of a dynamic work plan strategy to
implement a field-based measurement program, These activities have been documented in a project
profile/case study available at brownfieldstsc.org.

The Wenatchee Tree Fruit Fruit Research and Extension Center site is an agricultural research facility located
in Wenatchee, Washington. The test plot area of the site contained soils contaminated with organochlorine
pesticides, organophosphorus pesticides, and other pesticides. Site investigation and cleanup was performed
using the Triad approach, including use of a dynamic work plan strategy and immunoassay field test kits. In
addition, a pilot test was performed that demonstrated the applicability of immunoassay test methods for
pesticides such as DDT and cyclodiene and that was used to guide on-site decision-making. The U.S. Army
Corps of Engineers (USACE) prepared several documents about this effort, inchiding a Remedial Action
Management Plan and a Sampling and Analysis Plan. These documents provide background on the site, as
well as discuss project scope and objectives, and field activities, including soil characterization by
immunoassay and traditional techniques. These documents can be found at brownfleldstsc.org.

pzess

N S e e e R SRR,

Once the strategy and logic are established, an approved decision tree can then be used by the field team
to guide their dynamic decision~-making during field activities. The decision tree provides the basis for
decisiozis made in the field and results in a defensible paper trail for the field work and resulting data.
Devidtions from the approved decision tree require thorough documentation, and may require real-time
approval of regulators and stakeholders. Dynamic work plans are designed to use decision trees and real-
. time unéertainty management practices to reach critical decision points in as few mobilizations as
possible. Sequencing of activities is used to minimize crew sizes and allow for data collection and .
processing time, while not slowing overall project progress. For example, mem&érs of a field crew can be
split into groups to perform concurrent activities. One group can be staking locations while another is

sampling and analyzing samples, and another is determining and managing excavation activities.

The likelihood of success foi* a dynafnic approach is enhanced when experienced staff, at Jeast initially, go
to the field to review operations and trouble-shoot decision logic during project starﬁ;p. Having some
level of senior staff review during project startup helps to ensure that the appropriate staff are empowered
to make decisions, that decision logic is sound, and that foreseeable problems are anticipated before they
arise. Field staff in a dynamic field program are responsible for involving core technical team members

who, in turn, usually are responsible for communicating results to regulators or others overseeing the

U.S. Environmental Protection Agency
Office of Solid Waste and Emergency Response
Brownfields Technology Support Center 9
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+
[

project. After completion of a project, summary reports should ¢ ieariy dxscuss the decxumns that were

T

made, the uncertainties that impacted project decision-making, and the strategxes used to manage these

uncertainties. L\H Py

Recent advances in communications technologies and communic ag;ibnsw plan; support r!nqder%} d)fi)am'ié .
strategies. Conference calls, mobile telephones, wireless email and intemet aceess, deéiéion‘éupport
software, videostreaming, and faxes are among the tools that can} be apphed to facxhtate mmmumcatron
among team members. These tools can support the daily and we ekly decxs:on meetmgs that are needed
without necessarily requiring that all the key decision-makers (fo r examp}e regulatorsg i"isix assessors,

senior managers, and so forth) be physically on site during field work Itis essenmi however, that the

field team include a senior authority who has the confidence of ; he project team to effectwely transmn:
' [ - f

information and to execute project decisions in the field.

E
2.3 REAL-TIME MEASUREMENT TECHNOLOGIES \ o ] ,

T n
| R |
What is real-time measurement? Real-time measurements are those that are produced thhm a rap:d

\
time frame so that real-time decision-making and maturation of” LheCSM gccur in ‘r‘?a‘lrtx‘mew(g‘,c., o
while the team is in the field). The term "real-time measuremen‘iitechno‘logiéé‘" enconipésses much more

than just on-site analytical tools such as test kits and field instruhncntatton such as fiel d—portable gas

chromatography (GC) or x-ray fluorescence (XRF). It also inclndes rapxd samphng platforms m utu

detection technologies, and the software programs used to manage, mterpret dxsplay, and map data m
real-time to make dynamic work plan strategies possible. In adc ition, the term mciudes rapzd tumamund
of results from a fixed laboratory that may use either definitive <Lr screemng methoés Although o

screening methods traditionally have been associated with field tise, running "fi eld" mr@thods in a

traditional laboratory should be considered since under certain cErcumstances itis the most efﬁcient

I . [
4o [ o

option both logistically and economically.
Using field analytical tools and non-traditional analymal strateg ies are key to savmg tnme and mcmey
while limiting decision uncertainty, but requires thinking "outside of the box L The tools mQIuGe a broad
category of analytical methods and equipment that can be appmrd exther ét fhe sample coliectxon site or at
a nearby laboratory capable of generating results on a quick or <}hghtly acceierated ram They mclude |
methods that can be used outdoors with hand-held, portable equ 1pment, as well as moxe rigorous methods

that require the controlled environments of a mobile (transporta ie) or fixed !aboratory Daring the

U.S. Environmental Protection Agency
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planning process, the project team identifies the type, quality, and quantity of data needed to answer the
questions requiring resolution to reach project closeout. Use of decision support software can also save
project managers time and money and is discussed further in Section 3.3.

When using innovative field-based technologies to better characterize a site, it is often desirable to
combine information collaboratively for the purpose of obtaining a clearer image of the problem present
at a site. Collaborative data sets are two or more distinct data sets that are used together to manage
different sources of _ﬁncertainty for a'particular decision. For example, cheaper analytical methods can be
used to increase sampling density (i.e., the number of Sampie§ per matrix volume, area, or decision) and
to improve the accuracy of the CSM (i.e., manage sampling uncertainty). After sampling
representativeness has been established, residual analytical uncertainty is then managed by carefully
selecting informative samples to be sent for more rigorous analyses to provide lower detection limits,
analyte-specific results as needed-to meet risk assessment or regulatory requirements, The use of

collaborative data sets can take several forms including the following:

1. Comparison of results from fixed lab methods to those from proposed field-based methods to
“evaluate anticipated performance. Depending on results, this might involve selecting alternative
conservative action levels for use with field-based methods. For example, use of a field-based
method with less analytical precision or accuracy might be coupled with a lower action level to
- provide for greater certainty in identifying contaminated soil.

2 Using data collaboratively to arrive at a particular conclusion., For example, laser induced
-fluorescence measurements, cone penetrometer geotechnical data, and field-based gas
chromatography information to guide design of a treatment system. '

3. Using field-based immunoassay results to decide when and where confirmation samples should be
~collected for fixed laboratory gas chromatography mass spectrometry results,

4. Upfront demonstrations of methods (sampling and analytical) applicability developed using field-
based and modeling methods can be used to understand the inherent variability of contamination
-expected in the field prior to the commencement of site characterization activities. The EPA on-
line caleulators (www.epa.goviathens/onsite) were developed to provide modelers and model
reviewers with prepackaged tools for performing site assessment calculations (i.e., inherent -
variability of contamination expected in the field prior to the commencement of site
characterization activities). : o

An example of using data collaboratively to arrive at a solution in the most expeditious and economically

efficient manner is provided on the next page.

U.S. Environmental Protection Agency
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Brownfields Technology Support Center 2]




Using the Triad Approach to Streamline Brownffelds Site A

3
.

ssessment and Cleuirup

Real-time measurements can support successful redex)elopment ath
view of the problems and potential action alternatives. Screening a
developing the CSM by estimating the variability in contaminated 1
more distinct populations (such as "clean" areas vs. hotspots) are pf
traditional fixed laboratory methods is to provide analyte-specific d
and better precision for samples of known representativeness (i.e., t
already established on the basis of the maturing CSM) when higher

assessment or establishing regulatory compliance. The collaboratix

collection methods for monitoring and measurement s changing sta

in terms of cost, time required to reach closure, and viability of rert

[ i o |

}‘bwnﬁelds%i@s by p‘rf‘lav;idin“g a é‘léare;r
halyses provide vital input o o
Latrices and iﬁdicaﬁiﬁé Qvﬁeri one of
esent. ‘“"i“‘he‘:“‘rﬂ‘c‘}le of mo‘re ri}gc}rou@ |

R Lo
’Bfa with low detection limits, low bias,

‘ L b .
he sample representativeness is
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reliably predict what it will cost to obtain a “clean” value (purchasg price plus redevelopment costs).

Achieving a “clean” value at a lower cost can have a significant affect on properties for redevelopment.
g g tect on pi p

[

EXAMPLE: Use of Collaborative Data Sefs o w_

If disposal costs vary widely based on a specific land disposal restriction (LDR) at a site, it may be desirable to |
obtain more accurate results when concentrations are close to the LDR value. For example, when screening ‘
analysis accompanied by appropriate quality control (whether performed in a fixed or field laboratory) indicates
total PCB concentrations for a given volume of waste material is either far above or far below the regulatory
threshold (that can trigger costly treatment such as incineration), then there would be little doubt about whether ; !
treatment is required or not based on the screening method results. However, if the screening analysis results ) [
indicates that PCB concentrations are close to the regulatory threshold (ji{el; closer than the resolution of the l :
screening method can distinguish), then follow-on analysis using a more definitive method could be warranted. It
would be important however, to first use the resuits of the screening meifhod to estimate the variability within the
waste volume, so that the proper strategy to collect representative samples (e.g., by compositing or calculating a
statistically valid number of samples) for more expensive, definitive PCB analysis can be determined. Both sets of
data are then used to justify the final decision about disposal: the much larger data set composed of screening
analyses collaborates with the smaller set of definitive analyses so that di{:ﬁniﬁge analysis of one or a few samples
can be confidently extrapolated to represent the entire matrix volume in question. While this approach could result
in an additional, upfront expense, it may result in saving more at a later date when it is time to dispose of material

and to justify to stakeholders that the correct decision was made. ‘ o

When matrix heterogeneity is greater than analytical variability and the cost of making a wrong decision (i.e.,
about disposal of potentially contaminated materials) is high, collecting more samples for less expensive (i.e., less
rigorous) analytical quality is usually desirable to permit management of the data uncertainties caused by sampling
variability. Dynamic work plans that provide for reactions to the observied variability in results help project teams
make "on the fly” decisions to increase sampling density as appropriate to target the volume of contaminated soil
that would need to be disposed. e St e

AT
Further information about the legal defensibility of using field methods can be found in “‘Usmg Field
Methods - Experiences and Lessons: Defensibility of Field Data” ';:‘;“Barton P. Simmons, California

Department of Toxic Substances Control; available at 1vxvvv.clz¢in.{§rgr/c}zb I R
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3.0 PROJECT MANAGEMENT AND PROCUREMENT CONSIDERATIONS

This section discusses project management and procurement considerations important for use at
brownfields sites, including management tools that can be used fo assist project managers in decision-

makjng.
3.1 PROJECT MANAGEMENT

During the development of a systematic plan for a site, a project manager should assemble a core
technical team. This project team should include multi-disciplinary members and area experts as
necessary. A typical project team consists of a geologist, chemist, hydrogeologist, risk assessor, field
manager, engincer, and a procurement specialist. Activities should be rolled into logically related groups
and unitized rates developed when possible. Using unit rates and acti\}ities will assist project managers in
scoping out and managing project growth or costs as more is learned about a site. For example, surface
soil sample collection, aﬂaiyées, data management, data interpretation, and communication of daily results
could be rolled into a unit cost with associated sample processing minimums (for example, 30 samples
per day). By using a dynamic wori: plan strategy approach, decisions about whether additional samples
are required can be made in the field, Project managers should estimate the maximum number of samples
requifed based on existing information but still plan for the unknown potential for project growth or
shrinkagé. By obtaining unit costs from service providers, project managers have the information needed

to decide about the impact of authorizing additional work or reallocating project resources as necessary.

The approach used for project management will vary bésed on the nature and complexity of the site
activities. Relatively large; complex sites or groups of sites in an area-wide approach tend to involve a
more coinpiex project management team, while relatively smaller, straightforward sites will have a less
complex team. However, in all eases that use the Triad approach, the project manager can use unitized -
rates and draw on expertise as needed to manage the uncertainty and plan and execute a cost-effective site
assessment or cleanup. Use of experienced staff can help to more quickly identify potential problems as
they develop in the field and determine solutions that would more quickly get the project mdving.toward

completion.

When applying the Triad approach, it may be beneficial to use internal or separate contractors to assist

during planning, rather than those who actually implement or perform the work. This practice helps to
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Achieving State Regulatory Acceptance of the Triad

A major part of implementing the Triad approach is developing a framework that works within state regulations,
for example addressing variations in terminology and standards. Several efforts with state regulators currently
are underway to broaden the understanding of the requirements related to using the Triad approach.

Northeast Waste Management Officials’ Association (NEWMOA)

NEWMOA'’s waste site cleanup program focuses on issues of interests to state programs that have responsibility
for the investigation and remediation of contaminated sites, Currently, the waste site cleanup program is working
on issues surrounding the use of innovative site characterization and remediation technologies within state
programs, More information on NEWMOA's efforts can be found at '

retp:iwww newmon. org/Newmoa/docs/cleanup/.
inmrstate 'i‘echnoiogy' Regulatory Council JTRCY

ITRC s a state-led coalition working together with industry and stakeholders to achieve regulatory acceptance of
environmental technologies. ITRC consists of 40 states, the District of Columbia, multiple federal partners,

- industry participants, and other stakeholders, cooperating to break down barriers and reduce compliance costs,
making it easier to use new technologies, and helping states maximize resources. ITRC teams have developed
guidance on-accelerated site characterization including documents such as the ITRC/ASTM Partnership for
Accelerated Site Characterization Swomary Report. In addition, ITRC has formed a Sampling, Characterization,
and Monitoring Team, The team is examining not only innovative sampling and monitoring technologies, but
also innovative approaches like the Triad approach and helping them gain acceptance from state agencies. For
more information on the ITRC, please visit wivw. irrcweb, org.

3.2 PROCUREMENT ISSUES

Procurement of innovative sampling and analytical technologies and services is an important part of
planning for streamlined site investigations and use of the Triad approach. Innovative procurement
strategies can help with implementing a Triad approach, including use of fixed unit costs for sampling
and analytical activities. The following information is further discussed in EPA’s Understanding
Procurement for Innovative Sampling and Analytical Services for Waste Site Cleanup (currently in drafi
form) and in Assessing Contractor Capabilities for Streamlined Site Investigations (EPA 542-R-00-001,
January 2000, brownfleldstse. org/publications_index. hing).

Among the essential procurement issues related to use of the Triad approach are:

» - The need to ensure that solicitations and requests for pfopasais (RFP) allow flexibility necessary to
use field methods and rapid sampling and to allow for use of technologies and approaches that can
support dynamic decision-making about a range of measurements during implementation of the

- project. ' - .

. The need to require and budget for adequate systematic planning in the RFP and the project work
plan, .
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f’ knowledge and understandmg

The need to match the expertise of available contractors (for e
and their ability to employ field tools with the required level c

The need to seek expertise in reviewing proposals and intervxé-ng service provxclers, t<> (ietermme
if the proposed approach will yield data required for specxﬁc tasks. This consideration becomes
particularly important when an RFP allows flexibility in approach, numbers of samples analytical
strategies, and so forth. Simple comparlsons of costs and schedules may not be sufficient. Hmng
someone to conduct the planning and to review a technical ap&;roach separately f"‘rom and prior to
hiring a contractor to do the field work may be a way to simpl ‘xfy the revww process

) .

4ot

To Learn More about Innovative Procurement Strategies

The former Reitz #4 property in Central City, Pennsylvama was used 1 support coal mining operatxons in the
surrounding area and includes a motor/car repair shop, a powerhouse, ahd a machine shop. Potential concerns
at the site included the presence of transformers, which may contain PC Bs, drums and containers of inks and
thinners, and basements full of potentially-contaminated water. The BTSC helped tbe ity with usmg the Triad
approach through the development of a statement of work based on a dynamic work plan strategy for
conducting a Phase 1! investigation. The city incorporated some elements of the Tmad intoa RFP The RFP
and proposed statement of work can be found at brownfleldstsc. org. !

investigation at 60-acre site that formerly had been used for industrial g
multiple brownfields sites contaminated with numerous substances incl
The entire area will be incorporated into the planned Assunpink Creek

the project was to use the concepts of the Triad approach including use
achieve the goals of the investigation and define the level of remediatic
reuse, This project involved coordination between Federal and state par
related items including use of field analytical technologies. More infor
can be found at brownfieldstsc. org.

3.3 MANAGEMENT TOOLS

software packages are available to support the determination of atta1
design, and estimation and tracking of remediation costs and progre
every statistical tool is based on certain assumptions about contamir
of a statistical tool are violated, the statistical results may not be reli
understand what drives the statistical models and the assumptions i

becomes known, the user should continually re-assess whether the g

The City of Trenton, along with multiple partners including New Jersey
2, EPA’s BTSC, New Jersey DEP, and USACE, acquired services to pg
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rform a site investigation/remedial
urposes. The property consists of
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of field analytical technologzes to
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model are still valid. In addition, there must be a clear understanding of what decisions are going to be
madé and what role statistics will play in those decisions (i.e., what data are needed to guide those
‘decisions and what variability and distinct contaminant populations the CSM predicts). Several publicly-
available EPA-sponsored so:ﬁ'ware packages currently are available that can help in managing projects
that use the Triad. Additional information is also provided in Appendix C. Examples of software

packages include:

. Spatial Analysis Decision Assistance (SADA) — The University of Tennessee, Knoxville, with -

| support from EPA and DOE, and in collaboration with Oak Ridge National Laboratory, has
developed a software program that integrates visualization, geospatial analysis, statistical analysis,
human hesalth risk assessment, cost-effective anaiysis, sampling design, and décision analysis
(www.tiem utk.edu/~sada/). SADA is free software that incorporates tools from environmental
assessment fields into an effective problem solving environment. These tools include integrated
modules for visualization, geospatial analysis, statistical analysis, human health risk assessment,
ecological risk assessment, cost/benefit analysis, sampling design, and decision analysis. The
capabilities of SADA can be used independently or collectively to address site-specific concerns
‘when characterizing a contaminated site, assessing risk, determining the location of future samples,
and when designing remedial action. For information on training sessions, email

sada@tiem. utk.dey. Question and user support can be obtained by sending a blank email to

sadusers-subcribe@yahoogrouns.com.

. ‘U.S. EPA Fleld EnvironmentaL Decision Support {FIELﬁS) — EPA Region § developed the
‘FIEL}?S system which combines geographic information systems (GIS), global positioning systems
(GPS), database analysis, and imaging technologies to identify, assess, communicate, and héip
‘solve environmental problems (www.epa. gov)’regg‘orzéﬁ_@’gig{). The FIELDS system is a set of
software modules designed té simplify sophisticated site and contamination analysis. Each module
is a self-contained unit that can be applied to a variety of scenarios. When used together, either
‘working through the FIELDS process, or being applied according to a different schedule, the
‘modules offer unprecedented power and efficiency in the characterization, analysis, and cleanup of
environmental contamination. FIELDS has been used at many brownfields sites supported by the
BTSC in an effort to facilitate the planning process. Information about training sessions on

FIELDS can be found at the website referenced above.
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. U.S. DOE Pacific Northwest National Laboratory Vlsnal Samphno l’!an (VSP) Vsp provudeb o

statistical solutions to sampling design to help users decide where sampies should be‘co]iected and _
how many are needed (futtn://dgo.pnl govivsp/). The pnrposqL of VSP is o prov;de sxmple, | o

defensible tools for defining an optimal, technically defensxh e samplmg scheme for
characterization. VSP is applicable for any two-d;menmonal qamphng pian mcludmg, surface soil,

building surfaces, water bodies, or other similar applications|, VSP development has been pamaily

supported by the DOE’s National Analytical Management Pl[ogram (NAMP) and i xs Presentiy a jomt
effort between Pacific Northwest National Laboratory (.PNNL) (v, Qm' gav) and Advanced
Infrastructure Management Technologies (AIMTech) - Grand Junction, Qo}orado.‘ \ B
. U.S. EPA Removal Cost Management System (RCMS) 24[)00 Versxon 12~ RCMS isacost
accounting and reporting system used on removal sites to track costs and usage of personnel

equipment, subcontractors, and purchases. Modules mcludet cost trackmg, cost pm;ecnon, and
EPA invoicing. To order RCMS, please visit www.ert.org. ] O

I |

\ I

. U.S. EPA Scribe (Environmental Field Data Capture), V2 2 A Wmdows software that can be
used to assist in the management of environmental samplmg{data for soﬂ water, groundwater, anr,

and biota. Qutputs include sample labels, assorted field data' sheets and reports, 'md cham of

K
custody generation. This software currently is being updatecr by EPA s Envxronmental Response
Team (ERT). For more information, please call ERT’s Soﬁware Support at (800) 999—6990

|
i
.

. Center for Subsurface Meodeling Support (CSMoS) — CSMbS providés public d&main

ground-water and vadose zone modeling software and servxces to pubhc agencxes and prwate ,
AR

companies throughout the nation. CSMoS is located in Ada, Okiahoma at the Natnopal R;sk
Management Research Laboratory (NRMRL), EPA’s Center for Ground— R .
primary aims of CSMoS are to provide direct technical supp«Prt to EPA and state demswn»«makers in

subsurface model applications and to manage and support the ground-watex model‘s and databases
resulting from the research at NRMRL. For more mformatxc non CSMOS piease izxszt
http:ihvww. epa. gov/ahaazvuc/csmos. htmi. T o

. Center for Exposure Assessment Modeling (CEAM) — CF AM was estabhshed t;:o; meét thé

scientific and technical exposure assessment needs of EPA éﬂ‘“’”\‘é\‘reil as state enviromrfental and

resource management agencies. CEAM provides proven pre dlctwe e&posure assessmant
techniques for aquatic, terrestrial, and multimedia pathways - }or orgamc chemmais aud metals
More information can be found at http:/rwww.epa. gov/ceamgbub /
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4.0 SUMMARY

- The concepts of the Triad approach are not new. From the early 1980s on, DOE articulated many of the
core concepts of the Triad approach as Expedited Site Characterization (ESC). In addition, DOE linked
the use of a dynamic work plan strategy with systematic planning with the intent of speeding up
Superfund site investigations and feasibility studies at DOE sites in an approach called SAFER
{Streamlined Approach for Environmental Restoration). The USACE began institutionalizing an
integi‘ated approach to systematic planning under the name “Technical Project Planning (TPP) Process™,
For more information on the TPP Process, please visit ' u

http:/fhg. environmental, usace.army.milltools/top/brochure/pdf).  Although it does not address dynamic

work plan strategies and the use of real-time measurements directly, the TPP engineering manual stresses
the importance of a multi-disciplinary team that performs “comprehensive and systematic planning that
will accelerate progress to site closeout within all project constraints.” In 1996-1997, EPA Region 1 and
Tufts University coordinated with the U.S. Air Force to conduct a demonstration of a dynamic site
investigation using real-time results generated by a mobile laboratory to delineate residential soil
contamination at Hanscom Air Force Base (Innovations in Site Characterization Case Study: Hanscom
Air Force Base, Operaiaz’e Unit 1, September 1998, EPA 542-R-98-006,

htp: //www epa.goviswertio l/download/char/hafbes, pdf). The project showed that innovative

technologies combmed with an adaptive sampling and analysis program could drastically reduce the time
and cost, while increasing the confidence of site decisions. Argonne National Laboratory’s
Environmental Assessment Division (EAD) refers to the same basic concepts as Adaptive Sampling and
Analysis Programs (ASAP) to expedite data collection in support of hazardous waste site characterization
and remediation. ASAPs emphasize “real-time” data collection and field-based decision-making, using
dynamic work plan strategies. The Triad approach takes these saﬁ}e concepts further by explicitly making
the management of decision uncertainty the hnchpm for systematic planning, while relying on innovative
technologies and dynamzc/adapﬁve work p}anmng as the only mechanisms to cost-effectively manage
data uncertainty and build accurate CSMs, i

- The Triad approach is a common sense approach that has been successfully applied by other F ederal,
state, local, and private organizations. Similarly, the dynamic nature of the Triad approach allows
decision-makers to foéus on the best strategy for conducting environmental measurements that is flexible |
and meets site needs. Use of systematic planning has continually resulted in lower overall project costs,

Use of dynamic work plan strategies can reduce or eliminate the need for multiple mobilizations on a site
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(3

to reach closeout. For brownfields sites, where decision-making 1‘ so cioselv tied to econom:c constramts

and public acceptance, increased information value obtained usmg real ttme i

X asurement technolomeq

collaboratively with definitive fixed laboratory methods for data cmllectxon wﬂ‘l provxde stakcholders with

the confidence they need at a reduced cost. Reducing project costs “and schedu]es to obtam ciosure meanf' ‘

that more dormant or abandoned sites may become economically *zlab!e fotj redevelopment

3 , “ ‘ }

The Triad approach can be implemented at sites by taking advantage of the key eiements and steps

outlined in this primer. In addition, the documents referenced thrcLughout this’ pmmer and the resources

identified in Appendix C provide valuable information on the app xcatxon of the Tnad approach at vanous ‘

sites and describe various technologies that can be used to charactchlze or remedxate a sxte By usmg

these approaches and technologies at brownfields and other redevi lopmem sﬁes site owners and

T
environmental professionals can streamline the effort involved wﬂf‘x brmgmg a contammated sxte back

into productive use.

=
i
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Queéﬁon 1:

Answer 1:

Question 2:
Answer 2:

Question 3:

Answer 3:

Question 4:

Answer 4:

Question 5:

Answer 5:

APPENDIX A |
FREQUENTLY ASKED QUESTIONS (FAQ) WHEN
DESIGNING A PROGRAM USING THE TRIAD APPROACH

What is the Triad approach?
The Triad approach consists of using systematic project planning, dynamic work plan

strategies, and real-time measurement technologies, and is applicable to contaminated site
investigations and cleanup. It is a work strategy framework for economically managing

‘project decision uncertainties by drawing on the technical knowledge and experience

gained over the past 20 to 30 years of hazardous site cleanup. The Triad approach
proactively exploits new characterization and treatment tools, using work strategies
developed by innovative and successful site professionals. An important product of the
Triad approach is a conceptual site model (CSM) accurate enough to support correct
project decisions.

Who should use the Triad approach?

Project managers and their technical staff responsible for cleanups at hazardous waste
sites should consider using the Triad approach.

What is systematic project planning?

Systematic project planning is the most important and often used element of the Triad
approach. Systematic planning is a common sense approach to identifying the decisions
that need to be made to reach project goals. Once it is clear what decisions are driving -
the project, systematic planning identifies the inputs needed to feed those decisions and
project constraints (budgetary, regulatory, legal, scientific, etc.). Inputs to decisions
about contaminated sites vsually involve some kind of environmental data, so systematic
planning also involves developing the technical strategies used fo generate and interpret
the data feeding the decision-making process. Up~front systematic planning should
involve all parties, including stakeholders, and a multi-disciplinary technical team.

What is a dynamic work plan?

A dynamic work plan is a work plan that is written to be flexible so that the course of site
work can adapt to new information as it is being acquired in real-time. Dynamic work
plan strategies are the second element of the Triad approach. These types of strategies
use real-time decision-making in the field to limit the number of mobilizations back to
the field to fill data gaps or take remedial actions. This approach can reduce project costs

~ and the time needed to reach project closeout. Use of a dynamic work plan strategy and

related management strategies can drastically i improve the economics that drive the reuse
potential for brownfields properties.

What are field-based measurement technologies?
Field-based measurement technologies provide analytical results on site, and they are a

primary means of providing measurements in real-time, although by no means are they
the only way. Note that "real-time measurement technologies” (NOT "field-based
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Questions 6:

Answer 6;

Question 7:

Answer 7:

Question 8:

Answer 8:

measurements”) constitutes the third leg of the Tria
one option to provide real-time turnaround of resuli
technologies include mobile laboratories equipped 1
state-of-the-art sophisticated instrumentation to "sin
measurement technologies also include using a test
measurements on the ground or through a plastic bz
with "high tech” ultraviolet (UV) or infrared (IR) sj
taking a pH or turbidity measurement in a well, M
technologies now run the gamut from highly accurz
"low-tech” screening analyses. The quality of data
judged based on the location where the results werg
ability to support the intended decisions, which inc]
documentation to ensure that data are of known qus

What are real-time measurement technologies?

“Real-time measurement technologies” compose th
term includes any mechanism that supports turning
frame needed to support real-time decision-making,
to updating the CSM with new information and ada
updated knowledge while the field crew remains in
provide real-time measurements include rapid turng
measurement in a mobile lab, or in the back of a tru
software used to rapidly process instrument signals|

evaluate quality control, perform statistical anaﬁlysxs;

with colleagues, regulators, and stakeholders back i
What are the benefits of nsing non-traditional me,

Frequently, the most cost-effective option for gener
field-based measurement technologies. Another ad
fixed laboratories and field analytical methods is th
numbers of samples needed to manage the uncertai
representativeness. Whatever measurement technic
must be produced using a technically sound quality,
"Mlxmg-and~matchmg" several analytxcal methods
according to their various strengths is usually the nc
sets that are effective for making project decisions |
uncertainties have been managed commensurate wi
outcome. For brownfields sites, increased informaii
making is essential. Making sound decisions will ¢
within the context of the reuse scenario, mciudmg 1
scenarios.

When should the Triad be applied?

Systematic project planning should always be appfi

hazardous waste sites. Developing a CSM accurate[

should be a goal for every project. Dynamic work

e ‘ i
Cr

. |
i ; I

Ei Field-based technologxes are but
F Flcld«based measuxemc.nt

with instrumentation ranging from
nple” test kits. Field-based

kit under a tent, taking XRF

g, performing fence-line monitoring
HeCtroscopy instrumentation, and
bdern field-based measurement

ite analyt:cai mstrumematxon to -
cenerated in the field cannot be
generated but according to the data’s
udes suﬁ‘xclent quality control

Lhty

e third Ieg, of the 'I‘raad approach The
around data results wzthm the time
("Reai—mne dec1s1on~makmg" refers
ptmg subsequent site work to that
the field.) The mechamsms used to
round fmm a fixed Iabcraiory, on-site
ck, or in situ; and the hardware and
store and retrieve analyncai results,
display or map data, and share data
n the off‘ ce or across the countxy

tzsurement reclmoiagzas?

atmg reai—txme data is to use
vantage of using screening methods in
t they can provide the hxgher

ﬁtxes associated with sample

|ues are used, data of known quality
 control program.

(i.e., fixed and field methods)

jost economxcal way to gunerate data
pecause sampling and analytical
th the desired or negouated project

ion content to support decision-

T

nsure long~term xabxhty is reduced
eszdenttal mdustnal or recreataonal

Fd when tackling problems at
enough to support correct decisions
lan strategms are best nsed t}arly and
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Question 9:

Answer 9

Question 10:

Answer 10:

Question 11:

- Answer 11:

Ques_tibn 12:

Answer 12:

throughout the investigative portions of a project when physical and chemical conditions
at a site are being defined. They are particularly useful during cleanup actions when the

~ scale of decision-making is being redefined and economic constraints are of paramount

concern. Real-time measurements can reap benefits throughout all portions of the
cleanup process from investigation through long-term monitoring and verification of the
effectiveness of risk management cleanup strategies.

How do I identify contractors or forms of support to assist in implementing the Triad?

EPA’s Technology Innovation Office (’FﬁiO}, Superfund, and many other organizations
are partnering to promote the use of the Triad approach. Planning, technological, and

. vendor resources can be identified through the TIO web site at http:Zeluin.org. The

BTSC also provides related information at brownfieldstsc.org.

Can the Trind approach assist in improving lender confidence or reducing the cost of
environmental insurance?

The Triad approach can be used to alleviate the need for deed restrictions or conditions-
on-closure letters in some cases. Lending and insurance requirements are generally

~ driven by policy. The Triad approach can be used to reduce the perception of risk

because more direct, objective evidence and hard data can be developed during early site
evaluations. The Triad approach can impx ove the confidence with which environmental
decisions are made by targeting the prxmazy sources of uncertainty that increase the
perception of risk.

What is a dynamic work plan strategy and what planning documents describe the
approach 1o be used?

A dynamic work plan strategy is a flexible, adaptive work strategy that rapidly reaches
project objectives by allowing real-time feedback (i.e., data) to guide selection of the
alternative options of a pre-approved decision tree. A common theme is that the number
and placement of samples is not fixed before field work begins, but is decided in the field
(according to pre-established decision logic) based on site conditions. During systematic
planning, the core technical team works with stakeholders to agree upon a plan of action.
The flow of activities is designed to work through as many branch points of the decision
tree as possible during a single field mobilization. The necessary details for
implementation are then translated into concisely worded, streamlined planning
documents such as a work pian field sampimg and analysis plan, or quality assurance
project plan.

Is a dynamic work plan strategy appropriate for every site?

Dynamic work plan strategies are not always appropriate. They involve development of
decision logic about appropriatenss and validity of site-specific decisions. Programs that
do not provide clearly-identified responsibilities or authority to implement decision logic
may lead to relatively slower progress on implementing a dynamic work plan. In
addition, site conditions or level of maturity (i.e., long-term monitoring or background
type of evaluations) may not warrant the need for a dynamic approach. However, many
projects from the initial investigation through cleanup can benefit from the use of a
dynamic work plan strategy for some or all of the site activities.
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Using the Triad Approach to Streamline Brownfields Sitd hssassbiem and Cleanup

What contingencies are necessary {o assure that pm;ect pmgress is no! kampered >

Practical and analytical contingencies should be anttc:pated and addressed durmg prq;ect
planning. For example, if direct-push rig refusal is expected at a specific depth, then a rig
with an auger attachment might be considered. If analytical results for a particular soil
management area are unclear, then perhaps more samples should be budgeted for in case
they are required to verify if the area should be considered clean. A practical approach
using the expertise from the project team and poo? of stakeho!ders shonkd be used to
identify potential contingencies.

At what frequency should senior staff review fi @l d‘ (md’ Iabamtmy actzwtzes?
: \

Early in an investigation, senior staff should go tc the ﬁeid troubiemshoot probiems
encountered and assure that documentation is being adequately prepared Similarly,
senior staff should also visit the fixed laboratory tlf ong is bemg used) before samples are
sent. Closeout audits by senior staff also are recommended adequately prepared
electronic and hardcopy records will allow a proy’c“t 10 seamlessly reach cioseout

How can primary decision-makers assure the qu (dtty of (Iecgszons m{tde in t{ze Jfield and
Jjustify changes made in initial sampling plans? ' ‘

m\ o - \ )
Through the development of well designed declsion trees and standard Joperatmg
procedures for identifying the need for changes in decxsxon logic, a project manager and
technical lead can identify and incorporate changtys easﬂy Addendum development ‘
protocols and triggers designed into QA review proccdures help ensure that decisions are
based on sound science and that problems are identified and addressed early in the
process. Decision trees should be communicated iong with the propcsr*d approach to
stakeholders before a project is implemented. Options should be 1dent1f ed and public
comment addressed as appropriate before project startup. Periodic review of field
activities before and during implementation should be conducted as another type of
safety check. “ : ‘

S
I

Should field-based or fixed laboratory analysis ibe /used? o

The answer to this question should not be seen as “either-or.” It will depend heavily on
the nature of the contaminants of concern (COC), the type of decxsxon(s) being made, and
the sampling and analytical uncertainties that need to be managed in order to make the
decision(s). For example, some XRF units are capable of analyzing for the presence ofa
wide variety of metals in the field. However, XRF reportmg limits are typically in the
parts per million (ppm) range. Therefore, if decigions will be based on metals
concentrations in the parts per billion (ppb) range, ﬁxed~lah9ratoxy analysis usmg
inductively coupled plasma spectrometry (ICP-OIEBS)

may be the preferred option to -
produce ppb concentration data and manage analvtxcal uncertg;xgty nge:ver, the:
cheaper, faster XRF technique may be useful to Taracterxz he vamabxiaty of

ti

contaminant concentrations, and detect “hotspots?.or other spanal patterns of distinct
populations that could compromise the representativeness of the data s&?: The XRF can
be used to manage sampling uncertainty, while s¢ mples estabhshed to be representatwe
of the decision are sent for ICP analysis. The seh,ctxvxty requxred to meet project needs
also drives instrument selection. For example, if 5 demsmn can be basgd on total

|
L
l
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Using the Triad Approach to Streamline Brownfields Site Assessment and Cleanup

polychlorinated biphenyls (PCB) concentrations, immunoassay results may be sufficient.
Decisions requiring homolog or congener-specific PCB analyses will require much more
rigorous methods than field kits can provide. However, as with the XRF example, the
high sampling density provided by the immunoassay method may be critical to
establishing the representativeness of data provided by expensive fixed laboratory
methods.

it is prudent to perform a cost-benefit analysis prior to deciding what mix of field- and/or
fixed-laboratory analyses should be used. While instrument rental costs can be low
relative to fixed-laboratory unit costs, additional personnel are also required in the field
to conduct the analyses. In general, as the number of analyses required to support a
dynamic work plan and manage sampling uncertainty increases, field-based analysis
becomes generally more appealing. As mentioned previously, development of
collaborative data sets to optimize a sampling and analytical strategy will improve the
efficiency of the characterization approach.

The project may also consider running a non-standard method in a fixed laboratory
setting as opposed to running the method in the field. Sometimes logistically and
financially this approach makes more sense and still provides the project team with
timely data at a lower cost.

How can analytical costs be managed when using field-based technologies?

When using field-based or real-time measurement strategies, project technical leads
should combine data collection, analysis, review and reporting into unit costs that can be
managed on a daily basis. In this way, as a project grows or shrinks costs can be
managed. Identifying and funding contingencies carly in a project can help project
managers avoid unnecessary delays.

How can available technologies be identified for use?

EPA identifies several site characterization and monitoring technologies through web
sites for Field-based Analytical Technology Encyclopedia (FATE) (Jutp://fate.cluin.org)),
EPA Environmental Technology Verification (ETV) (Juttp:/rwww.epa. gov/etv)), EPA
Superfund Innovative Technology Evaluation (SITE) Program

(http./fwww.epa. gov/ORD/SITE), and the Interstate Technology Regulatory Council
(hup:rwww. itreweb.org). 1t is also important for the project team to seek out vendor
assistance, but only with the assistance of the team’s own technical experts. Hazardous
Substances Technical Liaisons (tip:wwiw.epa. goviosp/features/factsheets iin) also are
available for technical support.

What decumentation will assure that the results obtained are legally and technically
defensible?

Documentation must be sufficient to reproduce a result and to assure stakeholders that
“good scientific practices” were adhered to during the project. The method used should
have been peer reviewed or be sufficiently convincing that the results can stand on their
own merit. There must be evidence that the samples were representative of the matrix
population for the decision being defended. For environmental matrices which tend to be

U.8. Environmental Protection Agency
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: ! ! ol .
highly heterogeneous with great variability in cont‘meant congentration from place to
place, demonstrating data representativeness has been difficult because of the relatively
higher cost for analysis of a larger number of samples. With the wider availability of
ficld analytical methods and screenmg methods for use in fixed-based aboratone% (such
as dioxin screening methods), it is now possible to] ana!yza enough sampies to ensure data.
representativeness. (Also refer to paper by Barton Simmons “Usmg F ;eid Metbods -
Defensibility of Field Data” available at www. Cflll?LQ?_;g[

U.S. Environmental Protection Agency l

Office of Solid Waste and Emergency Response *

Brownficelds Technology Support Center A-6 " o o
o) |




Using the Tried Appreack to Streamiing Bro witfields Site Assexsment and Cleanup

AlMTech
ASAP
BTSC
CocC
csm
YI)OE '
EAD
EPA
ESC
FAQ
FIELDS
GC
GIS
GPS

ICP

IR

'LDR
NAMP
NAWOQA
ORD
OSWER
PAH

PCB

APPENDIX B
LIST OF ACRONYMS

Advanced Infrastructure Management Technologies
Adaptive Sampling and Analysis Program
Brownfields Technology Support Center
Contaminants of concern

Concépmal site model

U.S. Department of Energy

Argonne National Labokatory Environmental Assessment Division
U.S. Environmental Protection Agency

Expedited site characterization

Frequently asked questions

Fleld EnvironmentaL Decision Support

Gas chromatography

Geographic information systems

Global positioning systems

Inductively coupled plasma

Infrared

Land disposal restriction

National Analytical Management Program

National Water-Quality Assessment

EPA Oﬁice of Research and Development

EPA Office of Solid Waste and Emergency Response
Polycyclic aromatic hydrocarbon

Polychlorinated biphenyls

L8, Environmental Protection Agency
Office of Solid Waste and Emergency Response
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PNNL Pacific Northwest National Laboratory o

RCMS Removal Cost Management System

RFP Request for proposal ‘

RI Remedial investigation 4 |
SADA Spaﬁal Analysis Decision Assistance } ‘
SAFER Streamlined Approach for Environmental Restoralf;fon ‘i
SITE Superfund Innovative Technology Evaluation j
SOW Statement of work : ' » )
TCLP Toxicity Characteristic Leaching Procedures ‘ ’
TIO EPA Technology Innovation Office j }
TPH Total petroleum hydrocarbons |
TPP Technical project planning ' -+ :
USACE U.S. Army Corps of Engineers |
USGS U.S. Geological Survey
uv Ultraviolet I
yocC Volatile organic compound ‘ |
vsP Visual Sampling Plan : | |
XRF X-ray fluorescence ‘n“‘f‘“j‘ B
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APPENDIX C
LIST OF RESOURCES

Brownficlds Technology Support Center (http:/brownfieldstsc.org) — EPA established the Brownfields
Technology Support Center (BTSC) to ensure that brownfields decision-makers are aware of the full
range of technologies available for conducting site assessments and cleanup, and can make informed
decisions about their sites. The center can help decision-makers evaluate strategies to streamline the site
assessment and ¢leanup process, identify and review information about complex technology options,
evaluate contractor capabilities and recommendations, explain complex technologies to communities, and
plan technology demonstrations. The center is coordinated through EPA’s Technology Innovation Office
(TIO) and BPA’s Office of Research and Development. Localities can submit requests for assistance
directly through their EPA Regional Brownfields Coordinators; online at brownfieldstsc.org; or by calling
toll free 1-877-838-7220. For more information about the program, contact Dan Powell of EPA TIO at

703-603-7196 or powell.dan@epa. gov.

Hazardous Waste Cleanup Information (CLU-IN) Internet site (https/cluin. org) — The CLU-IN site
provides information about innovative treatment technologies and site characterization technologies to the
hazardous waste remediation community. It describes programs, organizations, publications, and other
tools for Federal and state personnel, consulting engineers, technology developers and vendors,
remediation contractors, researchers, community groups, and individual citizens.

CLU-IN Case Studies (http:/cluin.org/charl.cfim) — As part of a section on Site Characterization, the 7
CLU-IN web site provides selected-case studies which involved use of field analytical technologies.
These include progects at the Wenatchee Tree Fruit, Oak Bidge Drum Disposal, and Hanscom Air Force
Base sites.

Specxﬁc resources avmiable through CLU-IN that provide useful mformatm about the Triad approach
mciude

' Innovations in Site Characterization Case Study: Site Cleanup of the Wenatchee Tree Fruit
Test Pilot Site Using a Dynamic Work Plan — This case study is designed to provide cost and
performance information for innovative tools that support less costly and more representative site
characterization.

- Using the Triad Approach to Improve the Cost-Effectiveness of Hazardous Waste Site
Cleanups — This paper describes the overall strategy of using systematic project planning, dynamic
work plans and real-time measurement technologies to speed cost-effective investigations and
cleanups, while maintaining or improving the defensibility of site decision-making.

Improving Sampling, Analysis, and Data Management for Site Investigation and Cleanup
" Fact Sheet (EPA 542-F-01-030a) — This fact sheet discusses the streamlined approaches to
sampling, analysis, and data management activities conducted during site assessment,
_ characterization, and cleanup. This position reflects the growing trend towards using smarter,
faster, and better technologies and work strategies.

Resources for Strategic Site Investigation and Monitoring (EPA S42»F~01—030b) This
document discusses EPA efforts, in concert with other federal agencies and state organizations, in
accelerating the development of policies and information to support Strategic Investigation and
- Monitoring activities at hazardous waste sites. The educational, training, arid guidance resources
described in this fact sheet either already exist or are under development to support project
managers seeking to apply these approaches.

U.S. Environmental Protection Agency
Office of Solid Waste and Emergency Response
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EPA Field Analytical Technologies Encyclopedia (Ruip:/fute.clt n.org) —F ATE is an onhne
encyclopedia of information about technologies that can be used in, the field to characterize contaminated
soil and groundwater, monitor the progress of remedial efforts, and in some cases, for conf’ rmation ‘
sampling and analysis for site closeout. } L .

P
EPA Remediation And Characterization Innovative Technologlles (REACHIT)
(hittp:/fwww.epareachit.ory/) — EPA REACHIT is a system that ets enviro ental professxonals search,
view, download, and print information about innovative remediation and ch ;c;cnzatxon technoiogles |
The site uses information submitted by technology service provide ‘

s about remedjation and
characterization technologies and information from EPA, Departmgnt of Defense (DoD), Department of
Energy (DOE), and state project managers about sites at which i inn; vative tecf}nolcsgxes are being

deployed. These sources together provide up-to-date information afbout technologies that cax; be ug;ed o
characterize or remediate a site, sites at which those technologies are bemg used asxd thc sew;ce ‘ .
providers that offer them.

EPA Dynamic Field Activities Internet Site (ttp://www.epa.gov/superfund/programs/dfa/index.hiny
— This internet site provides information on the draft guidance for dynamic field activities and DFA case
studies. For example, one case study provides cost and performange information for a sonl and

groundwater characterization at Hanscom Air Force Base. The site also pmvldes addﬂ;xonai znformatmn
on systematic planning and dynamic work plans. ;

‘ | i
EPA ORD’s Office of Science Policy Hazardous Substances Tethmc*xl anason Progi anm
(hitp:/Avww.epa.gov/osp/features/fuctsheets. itny) — The program was créated jomtly by EP’A ORD EPA
OSWER, and the regional offices to expand the technical support avaﬂable to reglonal staﬂ j ‘

. : : 1 \ ‘ ‘ . el
Road Map to Understanding Innovative Technology Options f?r Brownfi elds Investngatmn and o
Cleanup, Third Edition (littp:/brownficldstse. org/publications imiex. htm) — The Road Map zdennﬁﬁ*s i
potential technology options available at each of the basic phases involved in thg: characterization and ‘
cleanup of brownfields sites and connects those steps with avaﬂa’ol@ resources. The third edition of the
Road Map has been expanded significantly to include new and upd ated resources, one-page "spothghts,"
and an index of more than 150 resources. Appendices in the Road |Map include a fist of common
contaminants found at typical brownfields sites, a detailed guide to,common envxronmeqtai terms and
acronyms, and a list of state and EPA points of contact, " oy

s ‘: ‘ I o i

EPA’s Environmental Technology Verification Program (wwwlega.gov/etvﬁ EPA’S ETV Program
dcvelops testing protocols and verifies the performance of innovative technologies that have the potential
to improve protection of human health and the environment. ETV was created to accelerate the entrance
of new technologies into the domestic and international marketplac}

Case Studies

['¢

|

\ » i .
Case studies are provided in several of the resources described abo‘rre, as well ason related web sites such
as FRTR, SCRD, ITRC, and RTDF.

L
\ | E
Federal Remediation Technologies Roundtable (ttps//www.fit rli 1GD) - The Federal Rcmedianon
Technologies Roundtable (FRTR) provides more than 300 case studies concemmg use of remedzal
technologies in site cleanup, as well as more than 100 case studies about site characterization and
monitoring technologies, and 7 reports about optimization of Iong-‘term monitoring. The FRTR reports
focus on the cost and performance for use of these technologies, and cover a wide range of technology
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types and contaminants. Recent additions to the FRTR collection include reports addressing cleanup of
groundwater using in situ technologies such as bioremediation, surfactant flushing, chemical oxidation,
thermal treatment, permeable reactive barriers, phytoremediation, air sparging, and in-well air stripping,

State Coalition for Remediation of Dry Cleaners (itfp://www.drycleancoalition.org) — The State
Coalition for Remediation of Drycleaners (SCRD) consists of representatives of states with established
drycleaner remediation programs, including Alabama, Florida, Iilinois, Kansas, Minnesota, Missouri,
North Carolina, Oregon, South Carolina, Tennessee, and Wisconsin. The SCRD provides more than 60
case studies covering a diverse set of innovative treatment technologies used at dry cleaner sites.

Interstate Technology Regulatory Council (http://www.itreweb.org) — The Interstate Technology
Regulatory Council (ITRC) is a state-led coalition working together with industry and stakeholders to
achieve regulatory acceptance of environmental technologies, and consists of more than 35 states, the
District of Columbia, multiple federal partners, industry participants, and other stakeholders. The ITRC
has prepared more than 15 guidance documents on technical topics, many of which include selected case
studies, '

Remediation Technology Development Forum (http:/www.rtdforg) — The Remediation Technology
Development Forum (RTDF) is a public-private parmership to undertake research, development,
demonstration, and evaluation efforts focused on finding innovative solutions to high priority problems.
It consists of six action teams, covering subjects such as bioremediation, NAPLs, permeable reactive
barriers, phytoremediation, and sediments. These action teams publish materials including information
about specific sites where technologies have been applied.

EPA Superfund Innovative Technology Evaluation (SITE) Program :
(hup:/www.epa.gov/ORD/SITE) — The SITE Program was established by EPA's OSWER and the ORD -
in response to the 1986 Superfund Amendments and Reauthorization Act, which recognized a need for an
“Alternative or Innovative Treatment Technology Research and Demonstration Program.” The SITE
Demonstration Program encourages the development and implementation of innovative treatment
technologies for hazardous waste site remediation, monitoring, and measurement. In the SITE
Demonstration Program, technologies are field-tested on hazardous waste materials. Engineering and
cost data are gathered on the innovative technology so that potential users can assess the technology's
applicability to a particular site. : :

U.S. EPA Hazardous Substance Research Centers (www.ilin.eduw/hsre, www.nthsre.org,
hutp://www.toscprogram.org/, www.toscprogram.ore, http://wrhsre. orst.edu/) — In 2001, EPA
established five new university-based HSRCs affiliated with 22 universities. The Centers address
concerns about hazardous substances in the environment by conducting basic and applied research, and
‘providing technology transfer and community outreach. The Centers work on the remediation and
redevelopment of brownfields and Superfund sites.

Training

Classroom (futtp:/trainex.org) — In partnership with the ITRC, TIO provides a range of training
information to EPA, other federal agency, state, tribal, and local staff involved in hazardous waste
management and remediation. Zrainexorg includes training schedules for deliveries of many courses,
both classroom and Internet-based. Training Coordinators, On-Scene Coordinators (OSC), Remedial
Project Managers (RPM), Permit Writers, Corrective Action Managers, Site Assessment Managers
(SAM), enforcement staff, Community Involvement Coordinators (CIC), state program managers, and
others will find training courses and information directly targeted to their needs, '
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Internet seminars (hutp://cluin.org/studio) — CLU-IN's ongoing ST&S of Internet Seminars are web-

t

based slide presentations with a companion audio portion. TIO provides two options for accessing the

audio portion of the seminar, by phone line or streaming audio sinnglcast. More information and

registration for all Internet Seminars is available by selecting the individual seminar listed on the site.
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o APPENDIX D
DESCRIPTIONS OF COMMONLY USED FIELD-BASED
' SAMPLING AND ANALYTICAL TECHNOLOGIES

Direet-Push Sampling — Direct-push sampling platforms have gained widespread acceptance in the
environmental industry over the past decade because of their versatility, relatively low cost, and mobility.
As opposed to drilling techniques in which'soil is removed and a borehole is produced, direct-push units

- use hydraulic pressure to advance sampling devices and geotechnical and analytical sensors into the ‘
subsurface; The weight of the truck incombination with a hydraulic ram or hammer is used to “push®” the
tool string into the ground. With this, no sl is removed, and only a very small borehole is created. The
two major classes of direct-push platforms are cone penetrometer (CPT) and rotary hammer systems.
While “CPT” technically refers only to the geotechnical cone penetrometer instruments advanced by
these large vehicles, the vehicles themselves have come to be known by this designation, The distinction
between thése units is that CPT advance thé tool string by applying 2 hydraulic ram against the weight or
mass of the vehi¢lé alone; while rotary hammer units add a hydraulic hammer to the hydraulic ram to
compensate for their lower mass. These platforms share the same principle of operation, similar tools,
and a number of advantages and limitations. They differ in scale, application, and to some extent the
types of instruments and tools that have been developed for each. ‘For these reasons, CPT and rotary
hammer platforms fill different niches in the environmental field.

Gas Chromatography — Gas chromatography (GC) analysis is a widely used technique for field-based
analysis. Analysis of organic' compounds is possible for a variety of matrices such as water, soil, soil gas,
and ambient air. Typical settings include: (1) site characterization, (2) stationary source testing and
monitoring, (3) hazardous waste sites for determining personal protective equipment (PPE) level, (4)
fence line monitoring during removal or remediation activities, and (5) emergency response festing. GC
analysis with photoionization detection has been used extensively to characterize and remediate sites
contaminated with VOCs. Likewise, gas chromatographs coupled with an electron capture detector are
used for analysis on sites contaminated. with chlorinated pesticides. The recent development of truly field
portable quadrupole mass spectrometers now permits GC-mass spectrometry analysis which provides
definitive identification. This instrumerit and technique is being implemented during emergency response

-

and counter-terrorism situations that require definitive identification of contaminants in near realtime.

Geophysics — Geophysical surveys are useful for characterization of the geology or hydrogeology of a
site, detection and mapping of contamination, detection of geological conditions favorable for
contaminant migration, and evaluation of past site uses, There are three primary geophysical methods: in
situ, surface, and borehole. In situ geophysical measurements typically are made by placing a probe or

* sensor into the media of interest in such a way that causes minimal disturbance of the media. Surface
geophysical techniques usually result in no significant disturbance of the subsurface media — surface
sensors may be in contact with the ground surface or held above the ground surface. Borehole
geophysical measurements are made only after a boring has been made into the media of interest. The
sensor itself may not actually contact the walls of the borehole.

Immunoassay — Immunoassay is a widely-accepted field analytical technology for many organic
contaminants and classes of contaminants (and at Jeast one inorganic contaminant), Various
immunoassay kits and methods are tailored to specific classes of environmental contaminants.
Immunoassay uses antibodies that have been developed to bind with a target compound or class of
compounds. The technology has been used widely in the environmental field because the aptibodies can
be highly specific to the target compound or group of compounds and because the kits are relatively quick
and simple to use. Concentrations of analytes are identified through the use of a sensitive colorimetric
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reaction. The determination of the target analyte’s presence is mad : by
a sample of unknown concentration with the color formed by the sfandard containing the analyte ata
known concentration. The concentration of the analyte is determired by the intensity of color in the

sample. The concentration can be estimated roughly by the naked eye or can be determinéd more
accurately with a photometer or spectrophotometer. S Pl e

Laser-Induced Fluorescence — Laser-induced fluorescence (LIF) fis a method for real-time, in-situ, field
screcning of hydrocarbons in undisturbed subsurface soils and gropndwater. The technology is intended
to provide highly detailed, qualitative to semiquantitative information about the distribution of subsurface
petroleum contamination. LIF sensors are deployed as part of inteprated mobile CPT systems that are
operated by trained technicians. There are currently two major LIF systems available, the Site
Characterization and Analysis Penetrometer System (SCAPS) and Rapid Optical Sereening Tool
(ROST™) systems. The SCAPS LIF system is one of several CPT-mounted sensors developed through a
collaborative effort of the Army, Navy, and Air Force under the Tif.i—Sgrvigqs rogram. The ROST™
system was developed by Loral Corporation and Dakota Technologies, Inc. The SCAPS LIF is available
only through the U.S. Army Corps of Engineers and the U.S, Navy. ROST™ is available commercially
through Fugro, Inc. T, . e

Mass Spectrometry — In the environmental field, mass spectromqgtérs (MS) are typically used as
detectors for GCs. Because of the increased durability of modemwfnstrumants? field gas

chromatographs/mass spectrometers (GC/MS) are capable of the same analyses as fixed laboratory
instruments. (. R

-

X-Ray Fluorescence — Energy dispersive X-ray fluorescence (XRF) is a method of detecting metals and
other elements, such as arsenic and selenium, in soil, sediment, ang water, Some of the primary elements
of environmental concern that XRF can identify are arsenic, barium, cadmium, chromiur, copper, lead,
mercury, selenium, silver, and zinc. Field-portable XRF units thaﬁ run onfbétg#ty power and use a
radioactive source were developed for use in analysis for lead-bas«rd paint and now are accepted as a
stand-alone technique for lead analysis. In response to the growing need for field analysis of metals at
hazardous waste sites, many of these field-portable XRF units have been adapted for use in the
environmental field. They provide data in the field that can be used to identify and cha;af;terize

contaminated sites and guide remedial work, among other applications.
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